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ABSTRACT
We present measurements of the pseudo-equivalent width of the Fe IIλ5018 absorption feature in
the spectra of 12 Type IIP supernovae (SNe II) in low luminosity (M > −17) dwarf host galaxies.
The Fe IIλ5018 line has been suggested to be a useful diagnostic of the metallicity of the SN
progenitor stars. The events in our sample were discovered photometrically by the Pan-STARRS
Survey for Transients (PSST), and classified spectroscopically by us. Comparing our sample to 24
literature SNe II, we find that those in low luminosity hosts have significantly weaker Fe II features,
with a probability of 10−4 that the two samples are drawn from the same distribution. Since low-
mass galaxies are expected to contain a lower fraction of metals, our findings are consistent with
a metallicity dependence for Fe IIλ5018, and therefore support the use of this line as a metallicity
probe, in agreement with a number of recent works. In addition, we find that the SNe in faint (low-
metallicity) hosts may be more luminous on average than those in the literature sample, suggesting
possible physical differences between Type IIP SNe at low and high metallicity. However, accurate
determinations of host galaxy extinction will be needed to quantify such an effect.
Keywords: supernovae:general
1. INTRODUCTION
Most stars with initial masses & 8 M end
their lives in supernova (SN) explosions when
their iron cores collapse. The spectroscopic
properties of SNe depend on the distribution
of elements in their progenitor stars, with the
most common type, Type II SNe (or SNe II),
being defined by strong and broad Balmer lines
– thus these stars have retained their hydro-
gen envelopes until the moment of explosion.
Serendipitous detections of the progenitors in
pre-explosion images have confirmed that SNe
II result from red supergiants (Smartt 2009).
Historically, SNe II have been divided into
sub-classes based on the morphology of their
light curves: either a ∼ 100 day ‘plateau’ in
luminosity (SN IIP), or a ‘linear’ decline (SN
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IIL). More detailed studies from a range of
authors have revealed a richer picture, with
a range of plateau durations, decline rates,
and luminosities, and evidence for a more con-
tinuous distribution of properties (e.g. Arcavi
et al. 2012; Anderson et al. 2014; Faran et al.
2014; Sanders et al. 2015; Gall et al. 2015;
Gonza´lez-Gaita´n et al. 2015; Pejcha & Prieto
2015; Valenti et al. 2016; Rubin et al. 2016;
Gutie´rrez et al. 2017). Along with progenitor
radii and masses, and synthesised 56Ni mass,
the presence of circumstellar material lost prior
to explosion is likely responsible for some of
this diversity. All of these factors can be influ-
enced by the metallicity of the progenitor star.
Therefore constraining the metallicity of SNe II
is key to fully understanding their properties.
Dessart et al. (2014) showed using spec-
tral models that the equivalent width of the
Fe IIλ5018 absorption line can be a useful
proxy for metallicity in SNe II, with higher
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metallicity resulting in an equivalent width of
larger absolute value at a given time from ex-
plosion. This was confirmed observationally
by Anderson et al. (2016), who compared re-
sults from a large sample of SN II spectra to
the metallicities indicated by their host galaxy
spectra. As this sample was compiled from the
literature, it consisted primarily of SNe II in
massive host galaxies, which were all at metal-
licities greater than that found in the Large
Magellanic Cloud.
Taddia et al. (2016) presented an untargeted
sample of SNe II from the Palomar Tran-
sient Factory, spanning a wider range of host
environments. They found several events in
faint galaxies, with lower Fe IIλ5018 equivalent
widths than those in the sample of Anderson
et al. (2016). Fainter galaxies typically have
lower metal fractions the ’mass-metallicity re-
lation’; (e.g. Tremonti et al. 2004; Kewley &
Ellison 2008), and indeed some events from
Taddia et al. (2016) were consistent with Z ∼
0.1 Z (Dessart et al. 2014).
The photometric properties of SNe II also
seem to be different at low-metallicity. Taddia
et al. (2016) noted a possible correlation sug-
gesting lower-metallicity SNe II were more lu-
minous. More recently, Gutie´rrez et al. (2018)
conducted a detailed statistical study analysing
a sample of SNe II selected in faint galaxies,
comparing to the higher-metallicity samples of
Anderson et al. (2016) and Gutie´rrez et al.
(2017). As well as confirming that the SNe
II in low-luminosity (metal-poor) galaxies have
weaker Fe IIλ5018 absorption features, they
also found that these events tended to have
light curves with slower decline rates on the
plateau.
In this letter, we present and analyse a new
sample of SNe II in faint galaxies. We measure
the strength of their Fe IIλ5018 absorption
lines and estimate their plateau luminosities,
and compare these properties as well as their
host galaxy magnitudes to a literature sample
of SNe II, primarily in massive galaxies. We
show that our SNe have weaker Fe IIλ5018 ab-
sorption, confirming results from Dessart et al.
(2014); Anderson et al. (2016); Taddia et al.
(2016); Gutie´rrez et al. (2018). We find that
our sample of low-metallicity SNe II are signif-
icantly brighter, by up to ∼ 1 mag, than the
literature sample, suggesting metallicity is an
important factor in SN II evolution.
2. METHODS
2.1. Sample of SNe II in faint galaxies
Our SNe were selected from the Pan-
STARRS Survey for Transients (PSST; Huber
et al. 2015). We prioritised these events for
spectroscopic classification because they exhib-
ited a contrast between the transient and host
galaxy of & 2 mag (galaxy magnitudes were
taken from the Pan-STARRS DR1 catalog;
Flewelling et al. 2016). This method efficiently
selects for bright SNe in faint galaxies, such
as superluminous supernovae (Quimby et al.
2011). However, since the volumetric rate of
SNe II is greater than the SLSN rate by 4 or-
ders of magnitude, many of the SNe we classi-
fied were spectroscopically-normal SNe II. We
investigate the importance of our selection ef-
fects in section 4.
Classification spectra were obtained using
the FAST and Blue Channel spectrographs
on the 60” and MMT telescopes, respec-
tively, at Fred Lawrence Whipple Observatory
(FLWO), and the IMACS and LDSS spectro-
graphs on the Magellan Baade and Clay tele-
scopes (Fabricant et al. 1998; Schmidt et al.
1989; Dressler et al. 2011; Stevenson et al.
2016). FAST spectra were reduced using a
dedicated pipeline, while those from other in-
struments were reduced in pyraf. One spec-
trum, of PS17aio, was taken from the extended
Public ESO Spectroscopic Survey of Transient
Objects (ePESSTO; Smartt et al. 2015). Red-
shifts were determined from host galaxy emis-
sion lines where possible; otherwise the red-
shift of the best-matching spectrum from SNID
(Blondin & Tonry 2007) was used. All spectra
will be made available via WISeREP (Yaron &
Gal-Yam 2012) and the Open Supernova Cat-
alog (Guillochon et al. 2017).
2.2. Pseudo-equivalent width measurements
The equivalent width of a spectral line is de-
fined as
Wλ =
∫
(1− Fλ
F0
)dλ, (1)
where Fλ is the flux of the absorption feature,
and F0 is the flux in the continuum. In the
case of SN spectra, the true continuum is of-
ten difficult to place due to blending of many
broad absorption and P Cygni features. In-
stead, it is useful to define a ‘pseudo’ equiva-
lent width (pEW), where F0 is assumed to be
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Figure 1. Left: Fe IIλ5018 region for all SNe in our sample. Spectra are plotted in order of increasing Fe II
pEW, and have been normalised and shifted vertically for clarity. The Fe IIλ5018 absorption feature and
continuum region used to measure the pEW are colored black for simplified identification. Right: example
of a Gaussian fit to the Fe II line and continuum fit with a first-order polynomial used to measure the pEW.
The upper and lower polynomials correspond to 1σ contours around the continuum.
the peak flux on either side of the absorption
line in question.
For each spectrum, we measure the pEW of
the Fe IIλ5018 absorption feature. We approx-
imate the pseudo-continuum with a linear in-
terpolation across the absorption line, fitting
the linear model to two regions surrounding the
line. The line was identified visually for each
spectrum. We found that the velocity maxima
of the absorption generally lay between 4925 A˚
(a blueshift of ∼ 5500 km s−1) and the rest-
frame wavelength of 5018 A˚.
We then fit a Gaussian profile to the line us-
ing the least squares fit as implemented by
scipy.curve fit, and integrated equation 1
taking this Gaussian fit as Fλ and the linear
fit as F0. Errors are estimated by adjusting
the continuum by ±1σ, where σ is the stan-
dard deviation of the flux in the regions used to
define this continuum. Figure 1 demonstrates
this method, and shows a close-up of the Fe II
line for all SNe in our sample.
Some of our spectra show no clear detection of
Fe II absorption features. In this case, we place
an upper limit on the pEW using the method
presented in Leonard & Filippenko (2001) (see
also Graham et al. 2017), where the 3σ upper
limit Wλ(3σ) is defined by
Wλ(3σ) = 3∆λ∆I
(
Wline
∆λ×B
)1/2
(2)
where Wline is the width of the absorption fea-
ture, ∆λ is the spectral resolution (ranging
from 6-18 A˚), and ∆I is the 1σ rms fluctua-
tion of the normalized continuum. B is the
ratio of the spectral resolution to the pixel
scale; B = 3 − 6 for our spectra. We define
Wline = 5018− 4925 = 93A˚.
2.3. Light curves
The strength of spectral lines in SNe evolves
over time as the ejecta expand and cool. It
is therefore important to determine the phase
relative to explosion at which our spectra were
obtained. We estimate this using the light
curves from PSST. Photometry from PSST is
primarily in the r and w filters, and occasion-
ally in i (all in the PanSTARRS system de-
scribed by Tonry et al. 2012). To calculate ab-
solute rest-frame r-band magnitudes, we calcu-
lated K-corrections from our spectra using the
s3 package presented by Inserra et al. (2018),
using cross-filter corrections where necessary.
Distances were computed assuming a Planck
cosmology (Planck Collaboration et al. 2016).
Photometry was also corrected for Galactic ex-
tinction using the E(B-V) values estimated us-
ing Schlafly & Finkbeiner (2011). However, no
correction for internal host galaxy extinction
is applied at this point in the analysis, as this
parameter is more difficult to measure reliably.
We will discuss the significance of this in sec-
tion 4.
4 Scott et al.
The light curves are shown in Figure 2, with
epochs of spectroscopy marked. Anderson
et al. (2014) defined three separate epochs of
SN II light curve evolution: decline from max-
imum, plateau, and decline on the radioactive
tail. We measure the slopes of the light curves
of the SNe in our sample to ensure that we
are in the plateau regime. A linear fit to the
light curves of each SN in our sample yielded a
mean slope of 0.012 mag per day, with a stan-
dard deviation of 0.016. This is similar to the
mean slope during the plateau (their ‘s2’ pa-
rameter) reported by Anderson et al. (2014).
This suggests that our spectra were indeed ob-
tained during the plateau.
We estimate the phase of the spectra, in
rest frame days since explosion, and the corre-
sponding uncertainty by assuming a simplified
SN II light curve morphology with an instan-
taneous rise followed by a 100 day plateau and
then a sharp drop. We determine the minimum
possible phase by assuming the first detected
point on the PSST light curve is the date of
the explosion; in this case the time of the spec-
trum is simply the rest-frame time since the
first PSST data point. We determine the max-
imum possible phase by assuming the last data
point on the PSST light curve is just before the
plateau phase ends; in this scenario the spec-
trum would correspond to a phase of 100 days
minus the time from the spectrum until the end
of the plateau. The estimated time is thus de-
fined as the mean between the upper and lower
bounds, and the uncertainty is defined as the
difference between the mean and these upper
and lower bounds. We use this range of dates
along with the light curve slopes to estimate
the magnitude at the middle of the plateau.
2.4. Comparison sample
To understand how the properties of SNe II
in dwarf galaxies differ from those in massive
galaxies, we construct a comparison sample of
literature SNe II using the Open Supernova
Catalog (OSC; Guillochon et al. 2017). We
first filtered supernovae by type (II or IIP), and
then required that each SN have at least 5 spec-
tra available in the catalog, in order to select
only well-studied events. These criteria nar-
rowed the literature sample down to 24 SNe.
We were specifically interested in spectra ob-
tained during the middle of the plateau phase
(i.e. around 50 days after light curve maxi-
Figure 2. Light curves for all of our PSST SNe.
Data have been converted to rest-frame r-band and
shifted to match at t = 0. Ticks denote dates when
spectra were obtained. Time zero has been defined
as the first data point for each light curve, and a
correction for cosmological time dilation applied.
The light curves are normalised such that the first
point corresponds to 0 magnitudes. SNe PS17aio,
PS17bsd, and PS17aki only have one photometric
data point, so each object is plotted only at t = 0.
mum). We visually inspected all light curves
to ensure that the automatically-derived date
of maximum light from the OSC was accurate,
and corrected this when necessary. The spec-
trum that was closest to 50 days was then used
for analysis.
Many of the literature SNe were observed
only in the Johnson-Cousins photometric
bands. For a fair comparison with our sample,
we applied a cross-filter K-correction using S3
(Inserra et al. 2018) to convert to rest-frame
r-band in the PanSTARRS system. We again
corrected for Milky Way extinction only. Be-
cause most of these SNe are relatively nearby,
we used redshift-independent distances from
the Nasa Extragalactic Database (NED). In
most cases we used the median of the reported
distance estimates. Some objects had a SN dis-
tance from the expanding photosphere method
(Schmidt et al. 1994; Poznanski et al. 2009;
Rodr´ıguez et al. 2014; Taka´ts et al. 2015) that
differed significantly from the median distance,
in which case we selected the SN distance.
2.5. Statistical Tests
The parameters of interest in this study are
the pEW of Fe IIλ5018, the absolute magni-
tude of the SN at the middle of the plateau,
and the absolute magnitude of the host galaxy.
The latter is a proxy for the mass of a galaxy
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and hence its metallicity (e.g. Tremonti et al.
2004; Kewley & Ellison 2008). We wish to test
whether these parameters are significantly dif-
ferent between our PSST sample and the liter-
ature control sample.
In order to do this, we employ a 2 sample
Kolmogorov-Smirnoff (KS) test implemented
in scipy.ks 2samp. The 2 sample KS test en-
ables us to test the null hypothesis that the two
samples are drawn from the same distribution.
In the case of the Fe IIλ5018 line, there were
3 SNe for which we were only able to establish
upper limits on the pEW. Therefore, a 2 sample
KS test is not appropriate, because a KS test
does not account for upper limits. Instead, we
use a Wilcoxon rank-sum test, which, in the
case where no upper limits are present, reduces
to a 2 sample KS test (see Lunnan et al. 2014,
for the use of this test in a similar context).
3. RESULTS
Figure 3 shows a corner plot with the distri-
butions of SN and host absolute magnitudes
and Fe IIλ5018 pEW, for both the PSST sam-
ple and comparison sample. We also list these
measurements in Table 1. We describe the sta-
tistical results for each set of measurements be-
low.
3.1. Galaxy Properties
We first compare the photometric properties
of the host galaxies. We find the mean Mhost
in our sample is −19.8 with standard deviation
1.3, while the mean brightness of host galaxies
within the comparison sample is −15.4 with
standard deviation 1.0. Using a two sample
KS test as described in Section 2.5, we reject
the null hypothesis that the brightness distri-
butions of the host galaxies in each sample
come from the same distribution with a p-value
of 3 × 10−7. We therefore confirm that our
SNe are in a significantly less luminous galaxy
population than the control sample, and hence
should probe SN II properties at lower metal-
licities.
3.2. SN Spectroscopic Properties
Comparing the pEW of the Fe IIλ5018 ab-
sorption features of the two samples, we calcu-
late a mean pEW in our sample of 7.5 A˚ with
standard deviation 5.2 A˚, and a mean pEW in
the comparison sample of 21.1 A˚ with standard
deviation 8.3A˚. We apply the Wilcoxon rank-
sum test due to the presence of upper limits in
the pEW measurements in our sample, as de-
scribed in section 2.5. Using this test, we reject
the null hypothesis that the Fe IIλ5018 pEWs
from the two samples are drawn from the same
distribution with a p-value of 10−4. Combining
this with our knowledge that the host galax-
ies in our sample are significantly fainter and
therefore likely more metal-poor than the con-
trol sample, this confirms that SNe II at low
metallicity show weaker Fe IIλ5018 lines.
3.3. SN Photometric Properties
The mean MSN in our sample (estimated
at the t=50 days epoch following the method
in Section 2.3) is −17.5, with standard devi-
ation 0.6. For the comparison sample, the
mean MSN is −16.1 with standard deviation
0.8. Utilizing the KS test as before, we reject
the null hypothesis that the SNe in each sam-
ple come from the same brightness distribution
with a p-value of 3× 10−4. While at first sight
the luminosity differences between the samples
is striking, there are important caveats due to
selection effects and host galaxy extinction as
we discuss below.
3.3.1. Possible selection effects in SN luminosity
At least some of the difference between the
two samples is likely a consequence of our tar-
geted search for SNe that outshine their host
galaxies, which clearly favours brighter SNe.
To quantify our selection effects, we make use
of the Open Supernova Catalog. We down-
loaded all SNe II in the catalog, and in the
lower panels of Figure 3 we plot SN peak mag-
nitudes against host magnitudes, indicating
any SNe that would have passed our selection
cuts (section 2.1). The median apparent mag-
nitude of all SNe before data cuts is 18.2± 1.2,
and after our data cuts, the median apparent
magnitude changes to 17.7±1.3. Applying the
same methods to absolute magnitudes instead
of apparent magnitudes, the medians before
and after cuts are −17.1±1.3 and −16.9±1.5.
Therefore, although our data cuts unsurpris-
ingly introduce a non-negligible bias, of up to
∼ 0.5 mag, in the apparent magnitudes of se-
lected events, this discrepancy disappears into
the scatter in MSN vs Mhost when corrected
to an absolute magnitude scale. This assumes
that all SNe passing the cuts are equally likely
to be classified; a somewhat larger selection ef-
fect could result if the likelihood of classifica-
6 Scott et al.
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Figure 3. Top: Corner plot of Fe IIλ5018 pEW, MSN , and Mhost. The normalized histograms illustrate
the differences in these properties measured in our sample and in the catalog sample. The trend found in
pEW vs Mhost indicates that Fe IIλ5018 in SNe II is a good tracer of host metallicity. The SNe in faint
galaxies also appear to be brighter, though we caution that host galaxy extinction has not been applied
here (see section 3.3.2). Bottom: Quantifying our selection effects using the Open Supernova Catalog. Blue
points show all SNe II, red points show those that satisfy our selection criteria. Left: apparent magnitudes;
right: absolute magnitudes. The bias in SN absolute magnitude introduced by our selection effects (section
2.1) is much smaller than the size of the SN metallicity-magnitude correlation.
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tion increases with SN-host contrast. However,
this experiment indicates that it is unlikely for
selection effects alone to account for the entire
1.4 mag difference between the PSST sample
and the comparison sample.
3.3.2. The impact of host galaxy extinction
Another important factor to consider is dust
extinction within the host galaxies. We have
not corrected the SNe in either the low-
metallicity or comparison sample for internal
extinction. More massive galaxies generally ex-
hibit higher extinction. Garn & Best (2010)
provide an empirical relationship between stel-
lar mass and extinction, finding that an ex-
tinction in Hα (similar to the wavelength of r-
band) of 1.5 magnitudes (i.e. the difference in
brightness between our two samples) is typical
of galaxies with stellar masses & 5 × 1010M.
Many of the literature SNe are indeed in galax-
ies within this mass range.
To test whether extinction alone can account
for the sample luminosity differences, we esti-
mate host galaxy extinctions, Ar, from r-band
galaxy luminosities using the relation of Garn
& Best (2010) and the SDSS mass-to-light ra-
tios from Kauffmann et al. (2003) (M∗/Lr ≈
3). These values are listed in Table 1. These
relations break down for the dwarf galaxies,
and unfortunately none of our sample showed
strong galaxy emission lines from which we
could reliably calculate a Balmer decrement.
Therefore we assume a modest Ar = 0.3 mag
(where the Garn & Best 2010 relation flattens
out). If we include these extinction estimates,
we find a mean sample magnitude of −17.8
mag compared to a mean literature magnitude
−17.3 mag. In this case, the KS test gives a
p-value 0.13, i.e. the luminosity difference is no
longer statistically significant.
4. DISCUSSION
4.1. Metallicity
Our pEW results clearly support previous
findings from Dessart et al. (2014); Anderson
et al. (2016); Taddia et al. (2016); Gutie´rrez
et al. (2018). Our SNe are in faint galaxies
(absolute Mr > −17), which are expected to
be of low metallicity. Using the empirical cal-
ibration from Arcavi et al. (2010), this corre-
sponds to metallicities . 0.2 Z (though likely
with significant scatter). All the SNe II in
these galaxies had Fe IIλ5018 pEW < 15 A˚,
Figure 4. Top: evolution of the pEW of
Fe IIλ5018 over time for our sample (cyan cir-
cles) and the catalog sample (magenta triangles).
We also plot spectral models from Dessart et al.
(2014), at metallicities between 0.1–2 Z, as solid
lines and the PTF sample from Taddia et al. (2016)
as crosses.
well below typical values for SNe II in massive
galaxies. Thus we confirm that the pEW of
the Fe IIλ5018 line is an efficient way to select
low-metallicity SNe II.
In Figure 4, we compare our measurements to
the spectral models from Dessart et al. (2014)
and the unbiased sample from Taddia et al.
(2016). Almost all of our pEW measurements
are consistent with metallicities . 0.4 Z, with
several matching models at 0.1 Z. This is con-
sistent with the metallicities estimated from
their host luminosities (Arcavi et al. 2010).
The control sample of literature SNe are mainly
consistent with Solar metallicity or greater.
4.2. Luminosity
Interestingly, we find that the SNe in our
sample may be more luminous on average than
the literature sample, suggesting a possible re-
lationship between metallicity and SN II lumi-
nosity. This is clear in the MSN vs pEW panel
of Figure 3. However, the significance of any
such relation is highly sensitive to assumptions
about extinction in the SN host galaxies.
Several SNe in our sample are brighter than
any SNe in the control sample, at least indi-
cating that luminous SNe II do occur at low
metallicity. Taddia et al. (2016) also observed
more luminous SNe II at lower metallicity,
finding that their low-metallicity events (black
and red points in Figure 4) were brighter by
0.7 mag than the high-metallicity events (blue
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and green points). Thus the size of the effect
they measured is comparable to our findings
here.
More recently, Gutie´rrez et al. (2018) found
a correlation between the Fe IIλ5018 pEW
and the gradient of the light curve during the
plateau phase. Since our luminosity measure-
ments were made as close as possible to the
middle of the plateau, a slower decline would
result in a brighter measurement at the mid-
point. Therefore a shallower light curve at
low metallicity would also help to explain our
findings. However, we note that our measured
slopes were steeper on average than the sam-
ple from Gutie´rrez et al. (2018), and more con-
sistent with the Anderson et al. (2016) sam-
ple. On the other hand, the light curves ob-
tained from PSST are sparsely sampled, so we
may be fitting to points outside of the plateau
phase. Therefore, we cannot robustly discrim-
inate between the interpretations of Taddia
et al. (2016) and Gutie´rrez et al. (2018).
5. CONCLUSIONS
In this work, we presented a new sample
of 12 SNe II that occurred in low-luminosity
(M & −17) host galaxies. We measured the
pseudo-equivalent width of the Fe IIλ5018 ab-
sorption feature in the SN spectra, finding that
the line was significantly weaker than in SNe II
from a literature control sample, which were
primarily in massive host galaxies. This is
consistent with expectations that the low-mass
galaxies are metal-poor, and confirms previ-
ous results from Anderson et al. (2016); Taddia
et al. (2016); Gutie´rrez et al. (2018), and the-
oretical predictions by Dessart et al. (2014),
indicating that Fe IIλ5018 is a useful proxy for
metallicity in SNe II.
We also found evidence for a possible cor-
relation between SN and host luminosity,
with more luminous SNe occurring in low-
luminosity galaxies. While extinction in the
host galaxies clearly plays an important role,
it appears that there could be a luminosity dif-
ference of up to ∼ 0.5 mag between type II SNe
at low and high metallicity. Future studies can
test our results by better estimating internal
extinction, or observing SNe in the infrared
where extinction effects are minor. Larger sam-
ples will also be needed to determine statistical
significance. Simulating our search criteria on
a larger sample from the Open Supernova Cat-
alog suggested that selection effects are minor,
indicating that any difference is most likely
physical.
Our results add to the growing importance of
metallicity as a determining factor in the di-
verse outcomes of massive star evolution. In
the future, larger and more homogeneous sam-
ples of SNe II, from surveys such as ZTF and
LSST, will improve our understanding of the
physical effects underpinning this diversity.
We thank an anonymous referee for many
helpful comments that greatly improved this
manuscript. M.N. is supported by a Royal As-
tronomical Society Research Fellowship. The
Berger Time-Domain Group at Harvard is
supported in part by the NSF under grant
AST-1714498 and by NASA under grant
NNX15AE50G. P.K.B. acknowledges NSF-
GRP Grant No. DGE1144152. This paper in-
cludes data gathered with the 6.5 meter Mag-
ellan Telescopes located at Las Campanas Ob-
servatory, Chile. Some observations reported
here were obtained at the MMT Observatory,
a joint facility of the Smithsonian Institution
and the University of Arizona. This paper
uses data products produced by the OIR Tele-
scope Data Center, supported by the Smithso-
nian Astrophysical Observatory. This research
has made use of the NASA/IPAC Extragalactic
Database (NED) which is operated by the Jet
Propulsion Laboratory, California Institute of
Technology, under contract with the National
Aeronautics and Space Administration.
REFERENCES
Anderson, J. P., Gonza´lez-Gaita´n, S., Hamuy, M.,
et al. 2014, ApJ, 786, 67
Anderson, J. P., Gutie´rrez, C. P., Dessart, L.,
et al. 2016, A&A, 589, A110
Arcavi, I., Gal-Yam, A., Kasliwal, M. M., et al.
2010, ApJ, 721, 777
Arcavi, I., Gal-Yam, A., Cenko, S. B., et al. 2012,
ApJL, 756, L30
Blondin, S., & Tonry, J. L. 2007, ApJ, 666, 1024
Bright Type IIP SNe in Low-Metallicity Galaxies 9
Dessart, L., Gutierrez, C. P., Hamuy, M., et al.
2014, MNRAS, 440, 1856
Dressler, A., Bigelow, B., Hare, T., et al. 2011,
PASP, 123, 288
Fabricant, D., Cheimets, P., Caldwell, N., &
Geary, J. 1998, Publications of the
Astronomical Society of the Pacific, 110, 79
Faran, T., Poznanski, D., Filippenko, A. V., et al.
2014, MNRAS, 442, 844
Flewelling, H., Magnier, E., Chambers, K., et al.
2016, arXiv preprint arXiv:1612.05243
Gall, E. E. E., Polshaw, J., Kotak, R., et al. 2015,
A&A, 582, A3
Garn, T., & Best, P. N. 2010, Monthly Notices of
the Royal Astronomical Society, 409, 421
Gonza´lez-Gaita´n, S., Tominaga, N., Molina, J.,
et al. 2015, MNRAS, 451, 2212
Graham, M. L., Kumar, S., Hosseinzadeh, G.,
et al. 2017, Monthly Notices of the Royal
Astronomical Society, 472, 3437
Guillochon, J., Parrent, J., Kelley, L. Z., &
Margutti, R. 2017, The Astrophysical Journal,
835, 64
Gutie´rrez, C. P., Anderson, J. P., Hamuy, M.,
et al. 2017, ApJ, 850, 90
Gutie´rrez, C. P., Anderson, J. P., Sullivan, M.,
et al. 2018, MNRAS, 479, 3232
Huber, M., Chambers, K., Flewelling, H., et al.
2015, ATel, 7153, 1
Inserra, C., Smartt, S. J., Gall, E. E. E., et al.
2018, MNRAS, 475, 1046
Kauffmann, G., Heckman, T. M., White, S. D.,
et al. 2003, Monthly Notices of the Royal
Astronomical Society, 341, 33
Kewley, L. J., & Ellison, S. L. 2008, The
Astrophysical Journal, 681, 1183
Leonard, D. C., & Filippenko, A. V. 2001, 113,
920
Lunnan, R., Chornock, R., Berger, E., et al. 2014,
ApJ, 787, 138
Pejcha, O., & Prieto, J. L. 2015, ApJ, 806, 225
Planck Collaboration, Ade, P. A. R., Aghanim,
N., et al. 2016, A&A, 594, A13
Poznanski, D., Butler, N., Filippenko, A. V.,
et al. 2009, ApJ, 694, 1067
Quimby, R. M., Kulkarni, S., Kasliwal, M. M.,
et al. 2011, Nature, 474, 487
Rodr´ıguez, O´., Clocchiatti, A., & Hamuy, M.
2014, AJ, 148, 107
Rubin, A., Gal-Yam, A., De Cia, A., et al. 2016,
ApJ, 820, 33
Sanders, N. E., Soderberg, A. M., Gezari, S.,
et al. 2015, ApJ, 799, 208
Schlafly, E. F., & Finkbeiner, D. P. 2011, ApJ,
737, 103
Schmidt, B. P., Kirshner, R. P., Eastman, R. G.,
et al. 1994, ApJ, 432, 42
Schmidt, G. D., Weymann, R. J., & Foltz, C. B.
1989, Publications of the Astronomical Society
of the Pacific, 101, 713
Smartt, S. J. 2009, ARA&A, 47, 63
Smartt, S. J., Valenti, S., Fraser, M., et al. 2015,
A&A, 579, A40
Stevenson, K. B., Bean, J. L., Seifahrt, A., et al.
2016, The Astrophysical Journal, 817, 141
Taddia, F., Moquist, P., Sollerman, J., et al.
2016, A&A, 587, L7
Taka´ts, K., Pignata, G., Pumo, M. L., et al. 2015,
MNRAS, 450, 3137
Tonry, J., Stubbs, C., Lykke, K., et al. 2012, ApJ,
750, 99
Tremonti, C. A., Heckman, T. M., Kauffmann,
G., et al. 2004, The Astrophysical Journal, 613,
898
Valenti, S., Howell, D. A., Stritzinger, M. D.,
et al. 2016, MNRAS, 459, 3939
Yaron, O., & Gal-Yam, A. 2012, PASP, 124, 668
10 Scott et al.
Table 1. A table of the measured properties of the SNe used in this study.
Name z Fe II pEW M∗SN M
∗
host A
†
r,host
PS16bbl 0.055 16.67.08.8 −18.2 −15.9 0.3
PS16bup 0.038 13.02.93.2 −16.8 −14.7 0.3
PS16cee 0.0297 10.04.85.5 −17.1 −15.4 0.3
PS16cjy 0.023 11.72.93.2 −16.9 −14.3 0.3
PS16dds 0.104 < 2.9 −18.3 −16.7 0.3
PS16dll 0.067 8.03.94.3 −17.5 −17.0 0.3
PS16dro 0.0437 8.73.03.2 −18.4 −15.1 0.3
PS17aki 0.075 7.04.85.6 −17.3 −17.3 0.3
PS17bsd 0.028 4.73.54.1 −16.7 −13.9 0.3
PS17dnl 0.039 10.44.95.6 −17.9 −14.9 0.3
PS17aio 0.048 < 3.9 −17.0 −15.1 0.3
PS17djx 0.045 < 1.7 −18.2 −15.2 0.3
SN1969L 0.00253 11.42.42.6 −16.7 −19.3 1.0
SN1990E 0.00429 5.81.21.2 −15.8 −19.0 0.9
SN1992H 0.00457 12.71.01.0 −17.3 −20.8 1.5
SN1999br 0.003201 21.82.42.7 −14.4 −19.5 1.1
SN1999em 0.002392 25.40.30.3 −16.6 −19.4 1.0
SN1999gi 0.001975 16.81.31.4 −16.0 −18.1 0.6
SN2001X 0.004937 28.60.60.6 −16.8 −20.2 1.3
SN2002gd 0.00774 23.30.80.8 −15.6 −19.9 1.2
SN2003Z 0.00629 25.10.40.4 −15.1 −20.9 1.5
SN2003gd 0.002192 24.73.33.8 −16.0 −20.7 1.4
SN2003hl 0.00825 29.32.93.2 −16.3 −21.4 1.7
SN2004A 0.00459 31.50.50.5 −16.4 −19.9 1.2
SN2004dj 0.000456 26.30.40.4 −15.9 −19.4 1.0
SN2004du 0.016762 7.33.54.0 −17.1 −16.2 0.3
SN2004et 0.000909 19.90.90.9 −16.7 −19.7 1.1
SN2005ay 0.002699 23.90.60.6 −16.7 −20.0 1.2
SN2005cs 0.00137 30.10.40.5 −15.1 −21.1 1.6
SN2006bp 0.003509 18.30.70.7 −15.5 −19.7 1.1
SN2007od 0.00586 11.00.91.0 −17.5 −16.1 0.3
SN2009N 0.003449 28.30.40.4 −15.4 −19.6 1.1
SN2009ib 0.00448 21.41.21.3 −15.5 −21.6 1.7
SN2010aj 0.0212 6.42.52.8 −17.0 −21.6 1.7
SN2012aw 0.002595 31.21.01.0 −16.7 −19.1 0.9
SN2012ec 0.004693 15.30.70.7 −16.2 −20.3 1.3
SN2013am 0.002692 36.83.44.3 −14.6 −20.3 1.3
SN2013ej 0.002192 15.90.80.8 −16.9 −20.7 1.4
∗ Magnitudes listed are all in r-band, after correcting for distance, Milky Way extinction and K-corrections
(and filter corrections where necessary). Internal host galaxy extinction has not been applied here.
† Estimated extinction from the host galaxy in r-band, calculated using the absolute magnitudes and the
mass-to-light ratios from Kauffmann et al. (2003) and the mass-extinction relation from Garn & Best
(2010). These relations break down at the faint end, where we assume a default extinction of 0.3 mag.
